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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the low-noise 
characteristics of a semiconductor laser element and to reduce its 
operating current and improve its temperature characteristics and 
reliability, by adding silicon, selenium, zinc, beryllium, sulphur or 
carbon into an active layer as an impurity at a predetermined 
concentration. 

SOLUTION: In this semiconductor laser element 100. an n-buffer 
layer 2, an n-buffer layer 3, an n-clad layer 4, an n-carrier block 
layer 5, an Si-doped optical guide layer 6, and a multiple quantum 
well active layeKMQW active layer) 7 are formed in sequence on an 
n-GaAs substrate 1. The layer 7 has a multiple quantum well 
structure wherein six quantum well layers 71 made of Si-doped 
AIGaAs and five barrier layers 72 made of Sidoped AIGaAs are 
alternately laminated one upon another. Silicon, selenium, zinc, 
beryllium, sulphur or carbon is added to the layer 7 at a 
concentration of 5 x 1015 to 1 x 1019 cm-3 or less. 
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[0 0 60] 4fc, H4tC7K-r,± 0^. MQW*£ttS7 

[006 1 3 H5i3J:lf*5KLS^tt1tai<0* ; F#F 
17 108JMS^i3J:lrt3J:tfr«<0*?#FJ|7 1 

30 wej»flcfftt<oauas*&^rr. 

[0062] 
[*53 



08) 000-340894 (P2000-340894A) 

1 4 



1 3 


rfil 


KSKfanA) 


t£JS (nm) 


1 x 10 cm 


17 -3 
1*10 em 


1x10 ,8 coT 3 










3 0 


5 


i 

i < 


1 


1 


2 7 


1 0 


1 


0. 9 5 


1 


2 4 


^ ft 


0 . 9 7 


0. 8 8 


0.9 5 


2 2 


i ft 


0. 7 5 


0. 65 


O. 7 


20 


A ft 


0.6 9 


O. 5 7 


0. 64 


2 2 


50 


O. 59 


0. 47 


0. 5 3 


2 4 


6 5 


0.5 7 


0. 46 


0.5 2 


2 8 


80 


0. 56 


0. 45 


0. 5 1 


3 5 


1 0 0 


0. 55 


0. 44 


0. 5 


4 5 



[0063] L £ V MiMaW>»5rCl± . M QWYS14S 7 
^<7)S iift«£l x 1 0"cm-'t US. rffiw 
MQwai4«74><0S imSSrlxl 0 16 c 

nr 3 . ixl0 18 cm- 3 *3it^ixl0 17 cm- 3 i:t 

[0 0 64] H5t=5^J:oK:. M^&FS 7 1 
dj&yc&^iH^rfca&MS^*. MQWvStt 

1>{K<3:6. lf#FI7 1<«l<i*58 0nra 

MrH¥FM7 l*5tt»dli2 OnmJ2LL8 0 nm 

[0065] ISi^X o :*£dtWtf> i NW*l'---9'* 
^ l o Ofc&wcy:, MQWiSttJ17+C?FM%fc tt 
S i £i$3!l0U ^&ftW^fcit/fi^#FS 7 1 <0& 
*d ***ftt* - 1 (c J: 0 . JpWWMttfclBH tfc* 

[00 66] iKC MQWattJi7CS iWftiaOteS 

fc. |3]«K^ MQWgffl|7tS i«ftb!)fcZn« 
jntfe^NWcl^— !f*^^*L. rlJiSU:. - 

JJ7nmtU 60*>**#FJi7 1*>i£»d£4 2 

[0067] 
[*6] 



40 



as 


r<£ 


(cm" 3 ) 


S e 


Zn 


1X10 15 


0.9 3 


0. 88 


5X10 15 


0.7 9 


0.6 3 


1X10 16 


0. 7 0 


0. 52 


5 x 1 0 16 


0.6 2 


0. 44 


1 x 1 0 17 


0.6 0 


0. 42 


5X10 17 


0.6 2 


0. 44 


1 x 1 0 18 


0.6 5 


0. 4 7 


5X10 18 


0.7 0 


0. 5 2 


1 x1 0 19 


0. 7 5 


0.6 2 


5X1 0 19 


0. 9 O 


0. 8 6 



*50 



[0068] H6 Sei!£#5xl0 15 
-lxiC'cm-^ilfitlirt^O. 9<fcDi'h 
$< : S: r ), 5x 1 0 16 ~1 x 1 0 18 cm- 3 C0®Hrtf{± 
£6(=/hS<%9. Hi? 1 X 1 0 17 cm-iZ'&'btto 
TVM,. ZniS^'5xl 0' 6 -lxl 0"cm 

-sottBrtT'rtta'O. 9J:0t/h$< : 5r , 3, 5x10 



09) 

1 5 

16 ~ 1 x l 0™ c m-*(?>&mftX'lt$ ^iz^ZK&K) . 
{5(3:1 x 1 0 1 7cm-3Tfi^hi: 5 5roTV^. 

[0 0 6 9] itztf^x. smzmzz^mz-rtzfr 

fctt, Semm&XVZnmffii. 5x 1 0 15 cm-3Jil 
_tl X 1 0>*cm-3l;XTT'h&Zttf1fr£L<. 5X1 
O'Scm-HXhl x 1 Oi8cm-3OTT'S>^C:i:^'«fcO 
If^K, imi x 1 0 17 cm-3-Cifcl> 

[0070] SriS, HI tfO^frl^— !f m=F 1 0 0 tfc 
WC. U-yi^W>T»««Wltt. 1. 5^mlil±4. 10 
OMmJirF-C£>-?»C:fc#*f£L<. 2. 0/xmJ2Lh3. 
2jumJaTOb*£i:**J:9#*U\ fcfc'U VviS 

a. u <y j^w<ot«!o«w i * i . s/xmt-t**^ 

ii, p-g2?77H112^5:0. 5xxmC-r 
■5. 

[007 1 ] ifc. p-Ii;7-/H110OfWl 
0. 0 2i(mJlhO. 5 « mUTFC** CI b tftift L 
<, 0. 0 8.umJ.XhO. 2 5jumUrpC**£fcj&*S 
<.£ffiU\ $4>(C. n-»2iarD7?ll5ffl 20 
Alfflj&liO. 5 0Jil±0. 7 5JaTT*4ii:*<W4 
L<. 0. 5 6J2LtO. 6 4J3lTT**ii:*»$4.fc:«F 

[0072]i!t, ±SE^NWEU-1f3R?- 1 0 0 ett 
v^Ttt, MQWvg14»7A.H-b-y^J:0^ft$ras 

[0073] ft#MCa. SfS 1 tSJb&AOtft. PRtf A 
sH 3 S^H^«fCS«iaJK8 5 0-C(CT3 0^[a«j#-r 
4;j:t:J:9.'Zn*«K-rStlfcp-A 1 GaAsA> 30 
6MQW«tt»7fcZn*JJ!aattSlrt<>J:v*. C<^« 
£\ P-Al GaAsH«p-Sl ?5>y HJi 1 0 
<7)= 3 f- J ryrjfUgSriS<l5S-ri»c:tlc«tO. MQWvStt 
JB 7 fc J: <9%)m>lZZ n £ S . 

[00 74] Ht, MQWvg14S7^cOS^#Fa7 

m^±.m-h. -77. fi?#FJf 7 l<D^81iLht=5r 
■§» t , #A^#FJI 7 1 <nW**WS. fe-p * < Jflri 

■&fW85*«UM-*. Wfc. S^#F/I7 KD&stcom 
A£-^(;S^ooif#F17 1 coiSSrJft&n^-frS^ 

363tx*/MFHI#J: 9 
/£**0 J ^t<=5rl>. UctfoT, MQWvS14Ji7 0fi:^ 
#F« 7 1 «i 4 lilh 7 filTT* S £ b #Vf * L ^ . 
[007 5] H7 tt#JfcEOfl&oldS«fcfc»t4¥ilMls 

[00 7 6] H7 0¥ttflcl'— irS?2 0 0t=iIlrVC % 50 



000-340894 ( P 2 0 0 0 - 34 0 8 9 4 A ) 
1 6 

n-GaAsifli<7)n-A77Tl2Hp-Sl 

ni-?? Hi 3£Ti;L 0 1 <r>*&m\<— rss?- l o 

obwsnx'fok. tztzL. p-mifv-vvmioom 

SJiO. 2 5AimtJ)'), P-Sl3y^? hill 3CD 
JSSteO. lAimT'lil.. 

[ 0 0 7 7 ] *mmTi±. p-*2?5v KJ112*J 
•ktfp-mn^?? hill 3*»fc«r*>J »/^»<OT4B 
<5DfSW2(i2. 0/zmT'$>i>. 

[0078] p-m2?7-y KSl 2fc«kt/p -m 1 3 

l±t(i. f$0. 8 8^m(0SiO2 S/iliS i N. 
a^&i.llBiET'n 3 2**JBj£3ivCV*S. p-flS 
1 rjy?? hill 3±£ti, if§0. 3/imOp-Ga 

3^im«p-GaAsK^p-g33y^7 h®3 
8 <t"CV^«. 

[0079] P-I23y?^ h®3 7*i«kl^p-m3 

3>-^^hJi3 8<o^-ryTae[t4. tjvrtiHiap 

-^2ny??hfll 7fcJ;Vp-^33>^^hiIl 

8 ct)^ -v ij r?iis t nmx-h h . 

[0080] p-»33^^H38itlipMtft 
3 9#JK)£§i"U n-GaAs«fiEl<Oiitttn»t 
«4 0jWE&£3ivCV*4. 3ri5, plti3 9li, p- 
3^; h«3 8^m8Krn 7 7l3 2fcfat4IWI 

[0081 ] S^yo>y?Jf32<7)*mi:LTSi02 
*fc«S i N, £fflV^E7 1M£^2 0 0 

tc*>v>T, MQWvgtt®7 4«<7)S iiftK£35;cTr<i& 
*H£ Lfc k £ * . r S i {Rffi«c^14WSa^S«<±@ 

4t (3txnvic&<?fc. 

[0082] LtzWtx. mi cr>^mw^—^m=f-2 o 

CHCttWCfe, MQW*S14/f 7 4>«S ifflKtt* 5X1 
0 1 5 c m- 3JiLh 1 x 1 O is c m-3 JSTT** £ k 
U<, 5 x 1 0 16 cm-31iLhl x 1 O^cm-siaTT'*) 
4£fc**J:*)»4L<, «H1 x 1 0"cm-»T*4: 

[0083] =5ri3, i7^*l^-fff 200(:fe 
V^T. 'J •y^OT«C0<SW2ti, 1. 3>uml^JLh3. 
6vm&TX'hhZbtf1&tL<. 1. 8^mJ^Lh3. 
O/immT-C-$>i.£i:* i J:0*fit^. Ttfc'L, U-y^' 

(f, 'J •yv ? gP<OT«<0«iW2Srl . 3/imt 

li. P-S2777 KJS1 2COJI$S:0. 4^mtC-T 

6. 

[0 084 3 ifc, P-S175 7 
0. 08/imUJUiO. 7//mlUTT-$>S£i:* J *f^ t 
<. 0. lOjumJilLO. 3 5^mmTTS)i»£t* J § 

[oo85] H8tin i co¥m#:\s~ <?m=? i o o 



oi'o; 

1 7 

-Tffi!lS{!B)T®a. @9(4!28<0&g?fr3---y VWTT'l'- 

ji&nimnm&ZTitt^mm. mi oiissoafi* 

h. ttz. 121 l&kltmi 2l±@8<73fSS3l6i--y V 
[0 08 6] 128—12 1 0 4"lc(4, 3<Xic<Vjjm 

i o o«ataa«rrtiT* o . y»^ x z ^ 

[00 87] [28H21 2£35Vvt, V 
t± «Bt-^I«J:944T7WA«l 1 lAk±7 

tctt. Slttt-byy^ 10 3, »iS34MBfflia*r 
^ 1 0 6 , «8I*a^5A*F 1 0 7 i3 J:tf R» S 

0 4bim Y )ttftt>tL'C^& - 
[0088] switt- h -> y ^ 1 0 3 

1 0 0 S^M3*»JfflHIW^ 1 0 

6jFEK3ivO-*6. S3SS3^f]ffl0t»ftS^l 0 6 

14, 2p»*^— ifapfioowoiffltfcVK-y^Dflfl 

[0 0 89] jgaS^n^^AS^l 0 7(4, 5ti§S3 

#f«f-i o6fc*Mrt-*J:5icisiss*vcv**. mmi 

6 «<0*lBt= . DSCi^t- >y f-aWiaWKSEftt' ^ SUM* 
*>^5*n/7AIl 0 7 a3WBASil3tabttt*« 

[0090] ue^s^--/ MCiSWC , 

ASCI 1 iBki7U-A*l 1 lAk*WlW4*li! 
kiffS-ri^n*! ( zWrtrfn) ifc. y*h?4 

H 1 04bO«ffiffi« <»ffifi> <4, T^-^® 
1 1 1 At±7W-Ag?l 1 1 Bfc#*tl*rt S73tSli:ffi 

[009 1 ] 121 3 (a) , (b) ti7*b^f*-H 
10 4 b<D«Bfi««fc5*"*\ ®13 ( a ) o 

ttittKtt i 4 i *>M«^ y "C ± i 



D00-340894 ( P 2 0 0 0 - 3 4 0 8 9 4 A ) 
1 8 

14 2, 1 4 2#IHS$iti>. 

[0092] 12 1 3 ( b ) tZTFrfi. 0 fc, j§j§S 

3^S>]fflHlfr^l o 6<oEitft;&fa# { x^fa w *£' (c 

14, od:<7>mitfc^<^ft* < ^ttt~Z'ft pimm 
4 1 owisfc. zifcfr [bjc^ot ± i dtnmmmzm-i 

< *4HW1W* 14 2. 142*>' 

[00 93] a9tC*-TJ:otC, T7U- A»l 1 1 A 
tct4 7* h^*— HI 0 4a*»^tfMt**rlB*f'4 
•j_V'7U-i,l 3 l , ^#i/-f*fiooi:W 

— H 1 04 a k^micftcl'— ySH 8 - 1 0 0 t , 
«£tfT-Xffiwy - K7P- A 1 3 3#ftttMfO* 
5, ij-H7U-Al 3 3±Wi»«tt5'-^^^ 1 
03ifiWM%*X^h. #'J-H7l^-Al 3 1 , 13 
2, l 3 3<0-«tiT7U-A*l 1 1 AfcEl5£3*U 
flWK4T7l^-^»l 1 lA*»fei«StcKajUTV^. 
[0094] tfz. 121 Ofc^Vf idC ±.71'— Agp 
1 1 1 BC14, 7th^*-H10 4 b^WSilfe 
«*{iJ*WK>»fe<o{M- * ttSUi-4 *»*> U - H 7 U- A 
14 1, i3iV7 =r H M H 1 0 4 b<0**aj««* 
tCftffl^O, «itfT-Xffl<OU-l s 7U-A 1 4 2#R 
ltfe*lTV»*. iJ-H7l/-A14 2±ttt7th^ 
^-_H1 0 4bWi8S.ZtlX^2>. #'J-H71/-A1 
4 1, 14 2 (7)-^{4±7 1 1 1 B tcSl«§ 

fC, «*»±±7l^-Afil 1 i Bfrmmz&mLx^ 

[0095] ±fc. jte7?T»7*ltt. ±iawts^ 
j ^-L-.ybCif^$n4^'7^>'^ : frt-|». A^/'y 
/i:l±SIS*a/7Alfl 0 7 k3eiWEII«*k<0 
Bjf V—!f3te«03lfiWrtri*l *SBfli* ^4R« 5 -7 -as itf 

[0 096] 01414H8H21 2C0S«*i--yhS' 
-/ ^ T •/ r^a^dffiHTJ) 0,01 5 i4H 

[0097] icOTtt" 7?7 -y T^ST'(4, 
10 1 0 0 <D1WHB «*» A> tB73 $ iifc U— - ^ 

3 #«WEi*T tifr 1 0 6 "C 0 iWS J:V± 1 *W 3 * 

<oB*f3tt=^i>is*ut». gaa^p^Affi o 7 

tCAIttS. aSHtt*a^9A*^10 7fcj«iUfc3 

nmwx i o 9^m^ffl^i o*^iEii«^ 1 1± 

[0098] %&&&m*l 0 1 fc£X*-y bfcil^2 
OWlijX^-y h k L-C«5t«ftfe 3*<73lUSf7tt4, 3t¥ 

ien^* i o it. zcoxmmi&m o 1 tiais^ 

50 fcflWBfc#to3*«)»**l:l'rR«**i. mnwX 



( ; m;):)00-340894(P2000-340894A) 
1.9 2 0 

1 0 9£ffl95UtfS9-l 0 8TRSf*iifc«. SjSS "f. 
^oj/^A^l 0 7(CAW-tl>. [0 104] 

[0 0 99]®fi^a^7Am ; ?10 7?:l»:(t^ [*7 ] 

mm®Vtt¥?-l 0 6WEBfl»ffil 0 6 aCO^tfflt L< 
ii:£M£i»iUfc«L Kits 5-1 1 2T±SUBfc:R» 
$tlT7*h^3j— Kl 0 4btcA8t$ix&. 7th 
^^-K104b CAItLfcflHBKtt, l^fl^^ 
«l$ilTU-H7^-Al 4 1 iOits^Sfu -rcotti^j 

ca-^v ^T*5j*Eiw«f*c i o i izmmtitzmmcom 10 

[0100] ^J^b >y?T-y Tm.W.VXSJg.ft?.- -v 

hx-\*. ¥3Wsu-ir** 1 ooizmmztix^z v- 

VyU— A131, 132, 1 3 3{iT7l^-AgBl 1 
lAtcBHtWu 7* b^tf-Hl 04M=Jgl8$ix 
TV^'J-K71/-A14 1, 14 2ULL7U-A«1 
1 lBfctWtfciVO^. -ftch-h. U-K7U-A1 
3 1 — 1 33 t 'J-H7I/-A14 1 , 14 2ht3|5]— 
THTIiSK, x«d5Tia]ClB(Sa«rfco"r»«r67V- 20 
ASBtcRttfeiiTV^. Ztotiib* 'J-F7U— AfcR 
ItirtrftCT?!"— A«l 1 1 A*5,}:tf±7P-A9Sl 
1 1 BO«i!i£/£ff&£^#%<3:9, ftb 7^777 

[0101] *7fc. £<0fttf •y^TvrKttOiSBKfca. [ 0 1 0 5.3 =6:tJ. &®&Mff&±t&y£liijjM±X' 

-•yhX'it. T7^-Ag?l 1 lAki71/-A»l 1 UU JWa'S'^We— Kfcfc*. 01 6^-TJ:5 

1 BtO«^ffitc»r>"CffiSfc:»«$*SitfcJ: 0, C. MQWvgftJf i «g*<5 x l 0 15 -1 x l 

inimittfy * Y¥A K 1 0 4 bcogjUaaiwASt^ 0 19 c m-8oeHrtTJi.- gaf&ffitfffit-t&ftiBTJ* 5 
4±3fcfiHI^^*C:fc#TS*. *LT» ffiSfcA 30 1 6mWJ: 9 kS<&oTV^. ifc s S i «K#5x 

AfflJl 1 1 Ak±7P— AtBl 1 IB 10 16 ~lxl0 18 cm-3<?)SirttU;, gffij&fitff? 

fc£**^LT3fce*?Ty7M<aSS3&x=--y h jfci-£#ai7J#2 1 mWljLLfcS &fcrt<*9. S i« 

#t!Bi$ilS. Zntzth. 7* is— H 1 0 4 Me Jg#U x 1 0 17 c m- 3 T'St.^< 3roTH& . 
«Bih--A£JgK£aW$ 7- 1 1 2tcf?»1S« [0106] U^'^t. JSaj?JT*>offiJtW#tt$:f# 

^i<^f), KStS7- 1 1 2O5X0Wt1Sit* { ® fcfcfcfcli. MQWffittJi7H><?5S ia«Ea&«5x 1 0> 6 

SfrfbSilTV**. ^i 1 ). T7U- A2B1 1 1 At cm-'tLhlxl 0 19 cm- 3 &TT'&£.r L 

±7P-Ag&l 1 1 Bfca^&Sffifls^JlS (xf**|p] <. 5X1 0 ,6 cm- 9 IiJLhlxl 0 18 cm-3OTT'$>^> 

£>\^<-?&ZttfX'Z&. I^iOffiK. Ji«ri x 1 0"cm-3fJ,5uJ: 

[ 0 1 0 2 ] H 1 <0*W*W— «f*f - 1005:0 aWftfcffi U>. 

8<7DT71^-Agpl 1 1 A«iittt-hi/y7 1 0 3 40 [ 0 1 0 7 ] 3 IC. ±E^*fe0«CO^#:lx— 

<08W6Tti, MQWigttJf 7 +cos i i8Jg£ 1 x l o 15 MfMCi . fiiBrattaTO-W*. 
xcm-'K5x i o 19 cm- 3 £-e^-ft:£-£*:. mqw [oi 083 &c &m%ffiW&±-?&ytliiJj<r>i§jg& 

vSttJB7tfO«-JI^#FJ17 lC0JSSJ±7nmT*fc , 3. #tt£«£-Lfc. i<08»et*J^T t . Bl^ftk 

6^If#FI7 lOJIJf cUi4 2nmT**. -f*f 1 00feH8OT7W^*l 1 U^Sttt 

[ 0 1 0 33 3rii. ZCOMfeli.. y-K7U-A13 1 b— h^y? 1 0 3±£^Ufctt»"C«jefcfr->fc. 

~1 3 3£3rf Agfll 1 1AC> jgi&S3# HI 7tJ«tl^a8tCS®lf6S* f f?±^«.*ai73^aJgfi!c 

fJSff^l 0 6*3«trjrjS5aS*n^5A^l 0 7£ *tttfOSI^*S*S:^. 

IXOttftfcv^flRTfrofc. Hi 6tiJ:t«R7fc:iflWft [0 109 3 
IB#ffjh^*36aj^<OSi««<Otfc#ttoa^l*jR^ 50 [«8 3 



s i ms. 

<cm" 3 ) 


CnjW) 


1 x i u 


1 2 


5 X 1 u 


1 7 


1 x 1 O 16 


o r\ 
t U 


5x1 O 16 




1 x 1 0 17 


2 5 


5 x 1 0 17 


2 3 


1 x 1 0 1B 


2 1 


5 x 1 O 18 


1 8 


1 x 1 0 19 


1 6 


5 x 1 O 19 


1 2 



2 1 
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2 2 





(nflO 






(°C) 


TTT 

cm 3 


3X10 16 


|X10 1B 

sm 


5X10 15 

-3 
cm 


I x 10 
sm 


\ X10 15 
snf 3 


nj 

5X 3 


1 0 




£ O 




1 9 


1 8 


1 5 


1 4 


2 5 


2 5 


2 4 


2 1 


1 7 


1 6 


1 2 


1 2 


4 0 


2 2 


2 0 


1 7 


1 4 


1 2 


1 0 


9 


5 0 


1 9 


1 8 


1 4 


1 1 


9 


6 


5 


6 0 


1 7 


1 5 


1 2 


9 


7 


4 


3 


7 0 


1 3 


1 2 


9 


6 


4 


1 


1 


8 0 


1 0 


8 


5 


3 


1 


1 


1 



[01101017 lzm-f£ 0 fc. MQWgtti 7 4><0 
S i»9»*5x 1 0 19 cm-3£7)^r*3«J:t/l x 1 0 16 c 
m-'^tll 6 5iCT'iHl5HR* t ffjtLTV^. S 

iift)g# 5 5X 1 0 15 cm- 3 fcWl x 1 0 ls cm- 3 «l 

Tl*4. S i«£#l Xl0' ! cm-3^t:, 

aiasHfeWi-riitas^^^wc ± o *< tt o . s 
i 5 x i o 1 6 c m- 3 io^ic , e msmifi&itT 
txsbjjwz hiz^tox^t . si»'ixio 

[0111] Urtf^T, fflJJLt#B$fcfc<B3i*»tt* 
»4fc»titt. MQWSttJl 7 i 5 x 1 0 

15 cm- 3 feLhl X 1 0 19 cm- 3 &TT'J>&di:# { if ;£ L 
<, 5X1 0 16 cm- 3 JjUbl X 1 0 18 cm- 3 liLTT$>-5. 
;t* ! iWL< < {KJlxlC'cm-^'WCi: 

[0112] ^co i o (c, JiiBiatffl^^N**^— 9-'* 

[0113] 0 1 <0¥SttW— f *T 1 0 0 £® 

8H2 1 2&g#i--y M=JS*LTH 1 4<0#t -y ? 

feX'li. MQWvittJf 7 4>WS ii§Ug£ 1 x 1 0 15 cm 
-3K5X1 0 19 cm- 3 t-C'^-fl:$-«i-fco MQWStti 
7+dO*4 ; F#FJi7 1<?)ffStt7nint**'). 6^ 
4^-#Fi§7 lcOJU?d(±4 2 nrnT'S)?). Ill 8tJi 
8 t "/ 9 T -v TSSBtfc ft h -s -y * — ffi<0 S i 
iMt«c#ttoSS^tS«Sr5^-. ^ *H1#2 0 n s £ 
tt h t . 3t tT -y 7 T -y TflS^^K «5 X 7 t 

[0 114] 
[fft9] 



20 



30 



S i £j£ 
(cm' 3 ) 


$>**-«(ns> 


1 x 1 O 15 


22. 9 


5X10 15 


2 0.0 


1 x 1 0 16 


18.7 


5 x 1 0 16 


1 7. 3 


1 x 1 O 17 


1 6. 9 


5 x 1 0 17 


17.3 


1 x 1 0 18 


1 7. 8 


5 x 1 0 18 


1 9. 0 


1 x 1 O 19 


20. 0 


5 x 1 O 19 


2 2. 4 



40 



*50 



[0 115111 aiZTrrtk MQWvSteJB7«4>tf> 
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